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Report No, IITRI-U6002-94 
(Triannual Report) 
DEVELOPMENT OF SPACE-STABLE THERMAL-CONTROL COATINGS 
I. INTRODUCTION 
The general requirement under this contract is the develop- 
ment of thermal-control surface coatings that possess very low 
but stable ratios of solar absorptance (as) to infrared emittance 
(sh). Historically, this program has been divided into three 
major phases: (1) inorganic pigment technology, (2) silicone- 
photolysis and silicone-paint investigations, and (3) general 
coatings investigations. 
The relative emphasis on each major task has varied during 
the course of the program according to the urgency of the various 
problems elucidated by our investigations as well as the avail- 
ability of both funds and personnel. The major emphasis during 
the past two years has involved the investigation of new, poten- 
tially stable white-pigments - particularly zinc orthotitanate - 
and on the design, construction and utilization of a combined- 
radiation environment facility (CREF) that is capable of 
simultaneously irradiating evacuated specimens with simulated 
solar-wind protons and extraterrestrial ultraviolet radiation. 
The last Triannual Report (IITRI-U6002-90) was devoted in 
its entirety to the design, construction and operational character- 
istics of the CREF proton-plus-ultraviolet facility. This report, 
IITRI-U6002-94, is devoted exclusively to zinc orthotitanate, its 
surface treatment (reactive encapsulation) and coatings prepared 
therefrom. Publication of this report has been delayed approxi- 
mately six weeks in order to re-evaluate certain encapsulation 
experiments, the results of which required verification prior to 
disclosure, 
The next, and final, Tr iannuaS  Report ( IITRI-USOO2-98) ss 
scheduled for publication in January 1971: It will cover the 
I l T  R E S E A R C H  I N S T I T U T E  
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remaining solid state ( E P R )  studies on zinc orthotitanate, the 
results of irradiation of a series of plasma heat-treated zinc 
orthotitanates and sf a series of other pigments such as ZnSnO*, 
CavJ04 and ZnZrOj and the results of preliminary studies to modify 
Owens-Illinois 650 silicone resin. 
I I T  R E S E A R C H  I N S T I T U T E  
2 U6002-94 
A ,  M a t e r i a l s  P r e ~ r a t i o n  
A ba t ch  of z i n c  o r t h o t i t a n a t e  ( z n 2 ~ i o 4 )  p repared  a t  925"C, 
employing 0.5% excess  ZnO, was used a s  t h e  b a s i c  pigment f o r  a l l  
t h e  s t u d i e s  r e p o r t e d  h e r e i n .  I t  i s  des igna t ed  Batch B-229. The 
t r ea tmen t s  and c o a t i n g s  prepared  from them a r e  p re sen ted  i n  t h e  
fo l lowing  paragraphs .  The phylogeny of a l l  specimen p r e p a r a t i o n s  
are p re sen ted  schema t i ca l ly  i n  F igu res  l a  and lb. 
F ive  hundred (500) g  of Batch B-229 Zn2Ti04 were s l u r r i e d  
wi th  1250 g  of 0.001 M potassium fe r rocyan ide  and 1250 g  of 
0.001 M potass ium f e r r i c y a n i d e  f o r  1 h r  a t  room temperature .  With 
cont inued a g i t a t i o n ,  t h e  tempera ture  of t h e  s l u r r y  was r a i s e d  t o  
80°C and h e l d  f o r  30 min. ( T h i r t y  minutes was r equ i r ed  t o  r a i s e  
t h e  tempera ture  t o  EO°C.) The s l u r r y  w a s  t h e n  cooled t o  room 
tempera ture  ( w i t h  a g i t a t i o n )  and was t h e n  vacuum f i l t e r e d  through 
a  ~ G c h n e r  funne l ;  t h e  r e s u l t a n t  powder was d r i e d  f o r  16 h r  a t  
110°C. 
F ive  hundred (500) g  of Batch B-229 w e r e  mixed wi th  267 g  of 
d i s t i l l e d  H 2 0  and 500 m l  of PS-7 potassium s i l i c a t e .  The mix ture  
was r e f l u x e d  w i t h  a g i t a t i o n  f o r  8  h r .  A f t e r  r e f l u x i n g ,  666 m l  
of d i s t i l l e d  H 2 0  was added t o  t h e  mixture  and t h e  mix ture  w a s  
facuurn f i l t e r e d  through a  ~ a c h n e r  funne l ,  The f i l t e r  cake was 
r e d i s p e r s e d  i n  600 m l  of d i s t i l l e d  H 2 0  and r e f i l t e r e d .  The mois t  
f i l t e r  cake w a s  broken up and t h e n  d r i e d  a t  110°C f o r  16 h r .  
F ive  hundred (500)  g  of Batch B-229 ZngTiOq were mixed wi th  
834 g  of a 5% s o l u t i o n  of NaH2P04- The s l u r r y  was r e f luxed  f o r  
4 hr, vacuum f i l t e r e d  through a ~ z e h n e r  f u n n e l ,  r i n s e d  w i t h  
334 mi d i s t i l l e d  M20 and d r i e d  o r  L6 hr- at l l O ° C : ,  
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One hundred (100) g of Batch B-233 ( s i l i c a t e - t r e a t e d  Zn2TiOq) 
were mixed wi th  167 g  of a  5% s o l u t i o n  of NaH2P04. The mix tu re  
was r e f l u x e d  f o r  4 h r ,  vacuum f i l t e r e d  through a  ~ s c h n e r  funne l ,  
r i n s e d  w i t h  67 m l  d i s t i l l e d  H 2 0  and d r i e d  f o r  16 h r  a t  llO°C. 
B-413 
One hundred (100) g  of Batch B-233 ( s i l i c a t e - t r e a t e d  Zn2Ti04) 
were mixed w i t h  250 g  of 0.001 M potass ium fe r rocyan ide  and 250 g  
of 0.001 M potass ium f e r r i c y a n i d e .  The mix ture  was hea ted  t o  80°C 
wi th  a g i t a t i o n  and h e l d  f o r  30 min. A f t e r  coo l ing ,  t h e  mix tu re  
was f i l t e r e d  through a  ~ S c h n e r  funne l  and d r i e d  f o r  16 h r  a t  llO°C. 
B-414 
- --- 
One hundred (100)  g of  Batch B-241 (phospha te - t rea ted  Zn2Ti04) 
were mixed wi th  250 g of 0.001 M potass ium fe r rocyan ide  and 250 g  
of 0.001 M potass ium f e r r i c y a n i d e ,  The mix ture  was hea t ed  a t  
80°C f o r  30 min w i t h  a g i t a t i o n ,  cooled and f i l t e r e d  through a  
~ 8 c h n e r  funne l .  The r e s u l t a n t  f i l t e r  cake was d r i e d  f o r  16 h r  
a t  llO°C. 
B-415 
- --- 
Twenty (20)  g of Batch B-229 w e r e  ground wi th  34 g  of a 28% 
e thanol  s o l u t i o n  of Owens-I l l inois  650 r e s i n  (32% PVC). The 
mix ture  w a s  ground f o r  3  h r  i n  a Mini-mill  (000) b a l l  m i l l .  The 
r e s u l t a n t  p a i n t  was spray  app l i ed  on IRIF coupons and baked a t  
110°C f o r  16 h r ,  
S i x t y  (60)  g  of Batch B-229 were ground wi th  25 m l  of PS-7 
potassium s i l i c a t e  and 35 m l  of d i s t i l l e d  H 2 0 .  The mix ture  was 
ground f o r  2  h r  i n  a  Mini-mill  (000) b a l l  m i l l .  Two s e t s  of 
IRIF were spray coated with the resultant paint and allowed to 
air dry for 16 hr, One set was then baked for 16 hr at llO°C 
and the other s e t  was heat treated for 16 hr at 4270C, 
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Fifteen (15) g of Batch 8 - 2 3 3  (silicate-treated Zn2T104) 
were ground with 35 ml of distilled H 0 for 15 min in a Mini-mill 2 
(000) ball mill. The resultant slurry was "wettg sprayed on "hotu 
IRIF coupons. 
Thirty (30) g of Batch B-233 (silicate-treated Zn2Ti04) were 
ground with 12-5 ml of PS-7 potassium silicate and 12.5 ml of 
distilled H 2 0  The mixture was ground for 1 hr in a Mini-mill 
(000) ball mill. Two sets of IRIF coupons were spray coated with 
t.he resultant and paint and allowed to air dry for 16 hr. One 
set was then baked for 16 hr at llO°C and the other set was heat 
treated for 16 hr at 427OC. 
Ten (10) g of Batch 8-241 (phosphate-treated Zn2Ti04) was 
mixed with 25 ml of distilled H20 and ground for 15 min in a 
Mini-mill (000) ball mill. The resultant slurry was "wet" sprayed 
on "hot." IRIF coupons, 
Twenty-four (24) g of Batch B-241 (phosphate-treated Zn2Ti04) 
was mixed with 10 ml of PS-7 potassium silicate and 10 ml of 
distilled H 2 0  The mixture was ground for 15 min in a Mini-mill 
(000) ball mill. Two sets of IRIF coupons were spray coated with 
the resultant paint and allowed to air dry for 16 hr. One set 
was then baked for 16 hr at llO°C and the other set was heat 
treated for 16 hr at 427OC. 
Twenty (20) g of Batch B-241 (phosphate-treated Zn2Tio4) were 
mixed with 34- g sf a 28% ethanol solution of Owens-Illinois 650 
resin, The mi*ure was ground for 3 hr in a Mini-mill (008) ball 
mill, T h e  resultant paint was spray coated on IRIF coupons, air 
dried for 16 hr, and then baked for 16 hr at llOo@. 
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++ ++C Fifteen (15) g of Batch B-226 (Fe /Fr - t r e a t e d  Zn T i 0 4 )  2 
were mixed wi th  35 m l  d i s t i l l e c !  H20 and ground f o r  20 min i n  a  
Mini-mill  (000) b a l l  m i l l ,  T l e  r e s u l t a n t  s l u r r y  w a s  l f w e t M  sprayed 
on " h o t v  IRIF coupons. 
T h i r t y  (30)  g  of Batch B-226 (Fe++/Fe+++-treated Zn2Ti04) 
were ground wi th  12.5  m l  PS-7 potassium s i l i c a t e  and 12.5  m l  
d i s t i l l e d  H20 .  The mix ture  was ground f o r  1 h r  i n  a  Mini-mill  
(000) b a l l  m i l l ,  The r e s u l t a n t  p a i n t  was spray  coa ted  on two 
s e t s  of IRIF coupons and allowed t o  a i r  d r y  f o r  16 h r .  One set 
was baked f o r  16 h r  a t  llO°C and t h e  o t h e r  set was h e a t  t r e a t e d  
f o r  16 h r  a t  427OC. 
B-425 
-- 
Twenty (20)  g  of Batch B-226 ( ~ e + + / ~ e + ' + - t r e a t e d  Zn2Ti04) 
were ground wi th  34 g of a  28% e thano l  s o l u t i o n  of Owens-I l l inois  
650 r e s i n .  The mix ture  was ground f o r  3  h r  i n  a Mini-mill  (000) 
b a l l  m i l l .  The r e s u l t a n t  p a i n t  was spray  coated on IRIF coupons, 
a i r  d r i e d  f o r  16 h r ,  and t h e n  baked f o r  16 h r  a t  llO°C. 
T h i r t y  (30)  g  of Batch B-412 (phosphate-  and s i l i c a t e -  
t r e a t e d  Zn Ti04)  were mixed wi th  12.5 m l  of PS-7 potassium s i l i -  2  
c a t e  and 12 ,5  m l  d i s t i l l e d  H20 .  The mix ture  was ground f o r  1 h r  
i n  a  Mini-mill  (000)  b a l l  m i l l .  The r e s u l t a n t  p a i n t  was spray  
coa ted  on two sets of IRIF coupons and al lowed t o  a i r  d r y  f o r  16 h r .  
One set was t h e n  baked f o r  16 h r  a t  llO°C and t h e  o t h e r  was h e a t  
t r e a t e d  f o r  16 h r  a t  427OC- 
Twenty (20) g of Batch B-412 (phosphate- and silicate- 
t r e a t e d  Zn T i O q )  were mixed with 34 g of a 28% ethanol solution 2 
of Owens--Illinois 658 resin, The r n i x t u - r e  was  ground f o r  3 hr in 
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a M i n i - m i l l  (000)  b a l l  m i l l ,  The r e s u l t a n t  p a i n t  was spray  coa ted  
on I R I E '  coupons, a i r  d r i e d  f a r  16 h r ,  t hen  baked f o r  16 h r  a t  
1.lO0C, 
++ +++ T h i r t y  (30 )  g of Batch B-413 (Fe /Fe - s i l i c a t e  t r e a t e d  
Z c 2 T i 0 4 )  were mixed wi th  34 g  of a 28% e thano l  s o l u t i o n  of Owens- 
I l l i n o i s  650 r e s i n .  The mix tu re  was ground f o r  1 h r  i n  a Mini- 
m i l l  (000)  b a l l  m i l l .  The r e s u l t a n t  p a i n t  was sp ray  coa t ed  on 
two sets of IRIF coupons and a i r  d r i e d  f o r  16 h r .  One set was 
t h e c  baked f o r  16  h r  a t  l lO°C and t h e  o t h e r  w a s  h e a t  t r e a t e d  f o r  
i 6  h r  a t  427OC. 
+++ T h i r t y  (30) g  of Batch B-414 (Fe++/Fe -phosphate t r e a t e d  
Zn T i 0  ) were mixed wi th  12.5 m l  PS-7 potass ium s i l i c a t e  and 2  4  
12.5 m i  d - i s t i l l e d  H20. The mix tu re  w a s  ground f o r  1 h r  i n  a 
Mini-mill (000)  b a l l  m i l l .  The r e s u l t a n t  p a i n t  was sp ray  coa ted  
on two s e t s  of IRIF coupons and a i r  d r i e d  f o r  16  h r .  One set 
was t h e n  baked f o r  16 h r  a t  l lO°C and t h e  o t h e r  set was h e a t  
t r e a t e d  f o r  16  h r  a t  427OC. 
+++ Twenty ( 2 0 )  g  of Batch 8-414 (Fe++/Fe -phosphate t r e a t e d  
Zn2Ti04) were mixed wi th  34 g of a  28% e thano l  s o l u t i o n  of Owens- 
I l l i n o i s  650 r e s i n .  The mix tu re  was ground f o r  3  h r  i n  a  Mini- 
m i l l  (000)  b a l l  m i l l .  The r e s u l t a n t  p a i n t  was sp ray  coa ted  on 
IRIF coupons, a i r  d r i e d  f o r  16  h r ,  and t h e n  baked f o r  16 h r  a t  
1 1 O 0 C .  
F ive  ( 5 )  g of l i t h i u m  s i l i c o f l u o r i d e  (Li2SiF6-2H20) were 
d i s s o l v e d  i n  1000 r n l  d i s t i l l e d  H 0, One hundred (100)  g of 2 
B--229 (Zn T i 0  ) were added t o  the  s o l u t i o n  and the  m i x t u r e  was 2 4 
r e f l u x e d  f o r  6 h r  w i t h  a g i t a t i o n ,  O n  coo l ing ,  t h e  rnirxture was 
f i l t e r e d  through a  ~ C c h n e r  f u n n e l ,  r i n s e d  4 t imes  wi th  600 r n l  
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quantities of distil-led H 0, and dried for 16 hr at L I O ° C ,  2 
Five ( 5 )  g of t h e  d ry  pigment were d ispersed  i n  f o r t y - f i v e  (45)  
m l  of d i s t i l l e d  H 2 0  by hand shaking and t h e  r e s u l t a n t  s l u r r y  was 
"wet" sprayed on l lhot l l  IRIF coupons. 
Approximately f i f t y  (50)  g of Batch B-453 were placed i n  a  
porce la in  c r u c i b l e  and h e a t  t r e a t e d  f o r  7  h r  a t  500°C. Five ( 5 )  g 
of t h e  pigment were d ispersed  i n  f o r t y - f i v e  (45)  m l  of d i s t i l l e d  
H20 by hand shaking and t h e  r e s u l t a n t  s l u r r y  was flwettl sprayed 
on ' 'hot"  IRIF coupons. 
Five ( 5 )  g  of potassium s i l i c o f l u o r i d e  ( K ~ s ~ F ~ )  were d i s so lved  
i n  1000 m l  d i s t i l l e d  H 2 0  One hundred (100) g of 8-229 ( ~ n ~ ~ i . 0 ~ )  
were added t o  t h e  s o l u t i o n  and t h e  mixture was ref luxed f o r  6  h r  
with a g i t a t i o n .  On cooling, t h e  mixture was f i l t e r e d  through a  
Bkichner funnel ,  r insed  4 t imes with 600 m l  q u a n t i t i e s  of d i s -  
t i l l e d  H20, and d r i e d  f o r  16 h r  a t  llO°C. Five ( 5 )  g  of t h e  dry  
pigment were d ispersed  i n  f o r t y - f i v e  (45)  m l  d i s t i l l e d  H 0  by hand 2 
shaking and t h e  r e s u l t a n t  s l u r r y  was "wet" sprayed on "hot1'  IRIF 
coupons. 
Approximately 50 g of Batch B-457 were placed i n  a  porce la in  
c r u c i b l e  and h e a t  t r e a t e d  f o r  7 h r  a t  50O0C, Five ( 5 )  g  of t h e  
pigment were d ispersed  i n  f o r t y - f i v e  (45) m l  of d i s t i l l e d  H 2 0  by 
hand shaking. The r e s u l t a n t  s l u r r y  was ''wet" sprayed on "hot"  
IRIF coupons. 
Five ( 5 )  g  of s i l i c o t u n g s t i c  a c i d  (H4Si4W12040 ) were d i s -  
solved in 1000 ml distilled H 2 0  One hundred (100) g of 8-229 
(Zn T i 0  ) were added to the solution and the m i x t u r e  was re- 2 4 
fluxed for 6 hr with agitation, On cooling, the mixture was 
filtered through a 8Gehner funnel, r insed  4 times w i t h  600 mL 
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q u - a n t i t i e s  of d i s t i l l e d  H 0 and d r i e d  f o r  16 h r  a t  llO°C, F ive  2 
( 5 )  g of t h e  pigment were d i s p e r s e d  i n  f o r t y - f i v e  (45)  m a  of 
d i s t i l l e d  R 2 0  by hand shaking.  The r e s u l t a n t  s l u r r y  was t l w e t t f  
sprayed on "ho t "  IRIF coupons. 
B-460 
-- 
Approximately f i f t y  (50)  g  of Batch B-459 were p laced  i n  a  
p o r c e l a i n  c r u c i b l e  and h e a t  t r e a t e d  f o r  7 h r  a t  500°C. F i v e  ( 5 )  g 
of t h e  pigment were d i s p e r s e d  i n  f o r t y - f i v e  (45)  m l  d i s t i l l e d  
H 2 0  by hand shaking.  The r e s u l t a n t  s l u r r y  was "wet" sprayed on 
"hot"  I R I F  coupons. 
F ive  ( 5 )  g  of potassium hexaf l u o r o s t a n n a t e  ( K ~ s ~ F ~  - X H O )  
w e r e  d i s s o l v e d  i n  1000 m l  d i s t i l l e d  H 0, One hundred (100) g  2 
of 8-229 (Zn2Ti04) were added t o  t h e  s o l u t i o n  and t h e  mix ture  w a s  
r e f l u x e d  f o r  6 h r  w i th  a g i t a t i o n .  On cool ing ,  t h e  mix ture  was 
f i l t e r e d  through a ~ ~ c h n e r  funne l ,  r i n s e d  4  t i m e s  wi th  600 m l  
q u a n t i t i e s  of d i s t i l l e d  H 0 ,  and d r i e d  f o r  16 h r  a t  l lO°C, F ive  2 
( 5 )  g  of t h e  pigment w e r e  d i s p e r s e d  i n  f o r t y - f i v e  (45)  m l  
d i s t i l l e d  H 2 0  by hand shaking.  The r e s u l t a n t  s l u r r y  was "wetIf 
sprayed on "ho t "  IRIF coupons. 
Approximately 50 g  of Batch B-461 w e r e  p laced  i n  a  p o r c e l a i n  
c r u c i b l e  and h e a t  t r e a t e d  f o r  7 h r  a t  500°C. F ive  ( 5 )  g  of t h e  
pigment w e r e  d i s p e r s e d  i n  f o r t y - f i v e  (45)  m l  d i s t i l l e d  H20 by 
hand shaking.  The r e s u l t a n t  s l u r r y  was " w e t "  sprayed on "hot"  
IRIF coupons. 
F ive  ( 5 )  g  of potassium s i l i c o t u n g s t a t e  (K S i  w 0 - 1 8 ~ ~ 0 )  
4  4  1 2  40 
were d i s s o l v e d  i n  1000 m l  d i s t i l l e d  H 2 0  One hundred (100) g of 
0-229 ( Z n 2 T i 0  ) were added to the s o l u t i o n  and the  mix ture  w a s  4 
r e f i l t e r e d  through a BGchner funne l ,  rinsed 4 t i m e s  w i t h  600 m l  
q u a n t i t i e s  of d i s t i l l e d  HZO,  and d r i e d  f o r  1 6  h r  a t  l l O ° C ,  F ive  
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( 5 )  g s f  the d r y  pigment were d i s p e r s e d  i n  f o r t y - f i v e  ( 4 5 )  r n l  of 
d i s t i l l e d  H,O by hand shaking,  The r e s u l t a n t  s l u r r y  was "wet" 
&. 
sprayed on "hot"  IRIF coupons. 
Approximately 50 g  of Batch B-546 were p l aced  i n  a  p o r c e l a i n  
c r u c i b l e  and h e a t  t r e a t e d  f o r  7  h r  a t  500°C. F ive  ( 5 )  g  of t h e  
pigment were d i s p e r s e d  i n  f o r t y - f i v e  (45)  m l  d i s t i l l e d  H20 by 
hand shaking.  The r e s u l t a n t  s l u r r y  w a s  "wetM sprayed on "ho t "  
IRIF coupons. 
The fo l lowing  p a i n t s  w e r e  p repared  i n  i d e n t i c a l  f a sh ion .  
The procedure  used i n  t h e i r  p r e p a r a t i o n  was a s  fo l lows:  F ive  
( 5 )  g  of t h e  pigment be ing  s t u d i e d  were mixed wi th  8 - 5  g  of a  
28% e thano l  s o l u t i o n  of Owens-I l l inois  650 r e s i n .  The mix ture  
w a s  ground by means of a mortar  and p e s t l e ,  The r e s u l t a n t  p a i n t  
w a s  sprayed on IRIF coupons and baked f o r  17 h r  a t  llO°C. The 




















B- 5 47 
Piqment Desc r ip t ion  
-- -- 
L i  SiF6 t r e a t e d  Zn T i0  2  2 4  
Heat t r e a t e d  B-453 
K SiF6 t r e a t e d  Zn2Ti04 2  
Heat t r e a t e d  B-457 
K SnF6 t r e a t e d  Zn2Ti04 2  
Heat t r e a t e d  B-461 
K4SiW12040 t r e a t e d  ZnZTiO 4 
Heat t r e a t e d  B-546 
The following p a i n t s  were prepared i n  i d e n t i c a l  f a s h i o n ,  
The procedure  used i n  t h e i r  p r e p a r a t i o n  was as fo l lows:  Seven 
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and one-i lalf  ( 7 . 5 )  g of fhe  pigment  being studied.  were mixed w i t h  
3.1 m l  P :-7 potasslum s i l l c a t e  and 3.1 m l  d i s t i l l e d  H 2 0  The 
mi*ure w a s  ground by means of a mortar  and p e s t l e .  The r e s u l t a n t  
p a i n t  w a s  sprayed on IRIF coupons and baked f o r  16 h r  a t  llO°C. 












Piqment Desc r ip t ion  
- 
Li2SiF6 t r e a t e d  Zn2Ti04 
H e a t  t r e a t e d  B-453 
K SiF6 t r e a t e d  Zn Ti04 2 2 
Heat t r e a t e d  B-457 
K2SnF6 t r e a t e d  Zn2Ti04 
Heat t r e a t e d  B-461 
K4SiW12040 t r e a t e d  Zn2Ti04 
Heat t r e a t e d  B-546 
B. U l t r a v i o l e t  I r r a d i a t i o n  
The pigment and p a i n t  specimens whose p r e p a r a t o r y  procedures  
were p re sen ted  i n  t h e  preceed ing  s e c t i o n  were i r r a d i a t e d  f o r  a 
minimum of 1000 equ iva l en t  sun-hours (ESH) of u l t r a v i o l e t  i n  t h e  
1RIF.-I space  s imu la t ion  chamber. Nominal t es t  parameters  f o r  t h e  
eight .  tes ts  performed (IRIF-I T e s t s  1-28 through 1-35) a r e  p re -  
s en t ed  i n  Table  1. A l l  i r r a d i a t i o n s  were performed a t  s i x  ( 6 )  
equ iva l en t  u l t r a v i o l e t  a c c e l e r a t i o n  f a c t o r s ,  a t  nominal s u b s t r a t e  
t empera tures  of 10°C o r  l e s s ,  and a t  p r e s s u r e s  of less t h a n  
7 x 10w7 t o r r -  
Specimen i d e n t i f i c a t i o n s  and t h e  a p p l i c a b l e  IRIF-I t es t  
d e s i g n a t i o n s  are p re sen ted  i n  Tables  2 and 3 f o r  r e f e rence .  
l l T  R E S E A R C H  I N S T I T U T E  
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P i g m e n t  
T r e a t m e n t  
N o n e  
N o n e  
N o n e  
1 - 2 8  1-29 1 - 3 0  1 - 3 3  1 - 3 4  1 3 5  
- - - - - - -  
LL- 3 4  




B-421A NaH2P04 PS7  LL- 3 8  
B-421B NaH2P04 P S 7  ( 1 6 / 4 2 7 )  LL- 3 9  






B- 4 30A 
B-430B 
SRI-9 -20  
SRI -  3- 3 
SRI-3 -5  
N i m b u s  








B- 5 5 9  
Fe-CN 




N ~ I - I ~ P O ~ / F ~ - C N  
N ~ H ~ P O ~ / F ~ - C N  
P l a s m a  
P l a s m a  
P l a s m a  
KKK 
N o n e  









LL- 4 2 














LL- 4 6  
LL- 5 2  
11-63 
11-65 
' p a i n t  heat  t r e a t m e n t .  
2 ~ o t a s s i u m  s i l i ca te  p a i n t .  
3 0 w e n s - l l l i n o i s  6 5 0  s i l i c o n e  r e s i n ,  
'6eneral Electric RTV-602, 
5 ~ i g m e n t  heat treated for  7 hr at 5 0 0 ° C ,  
111, RESULTS 
-. . - 
A. In t roduct ion  
The complete h i s t o r y  of a l l  reac t ive-encapsula t ion  s t u d i e s  
performed i n  1970 a r e  presented schematical ly  i n  Figures  l a  and 
l b  ( s e e  pp. 4  and 5 ) .  The exact  experimental procedures em-  
ployed i n  t h e  p repara t ion  of each batch were a l s o  presented i n  
t h e  previous sec t ion .  The open c i r c l e s  and squares i n  Figures  l a  
and lb r ep resen t  su r face - t r ea ted  ( r e a c t i v e l y  encapsulated)  powders 
t h a t  were i r r a d i a t e d  i n  t h e  IRIF-I and/or employed as  pigment 
m a t e r i a l  f o r  s i l i c a t e  and s i l i c o n e  p a i n t s .  The f i r s t  row of 
" f i l l . e d f f  c i r c l e s  r ep resen t  PS-7 potassium s i l i c a t e - b a s e d  inorganic  
p a i n t s  and t h e  second row of f i l l e d  c i r c l e s  ( t h e  l a s t  row) rep- 
r e s e n t s  s i l i c o n e  p a i n t s  prepared from Owens-Illinois 650 Glass  
Resin. 
B. Data 
1. Control Powders 
- -- 
The r e s u l t s  of i r r a d i a t i o n  of t h e  z inc  o r t h o t i t a n a t e  con t ro l  
powder (Batch B-229) and con t ro l  powders of s i l i c a t e d ,  phosphated 
and i r o n  cyanide-treated z i n c  o r t h o t i t a n a t e  a r e  presented i n  
Table 4 and Figures  2 through 5. 
The s p e c t r a l  damage sus ta ined  by t h e  con t ro l  z inc  or tho-  
t i t a n a t e  (B-229) and t h e  s i l i c a t e d  powder (B-417) compare 
favorably with previous r e s u l t s  ( ~ e f .  1). See s p e c i f i c a l l y  
Batches B-244 and B-250, IRIF-I1 Tes t s  11-17a and 11-19, l i s t e d  
i n  Table 1 of Reference 1, ) The phosphated powder (B-420) was 
more s e r i o u s l y  damaged i n  t h e s e  t e s t s  than  i n  previous s t u d i e s  
( e ,g . ,  sample B-245, Table 2, Reference 1).  
2. New React ively Encapsulated Powders 
F ive  ( 5 )  new m a t e r i a l s  were employed a s  r e a c t i v e  eneapsulants 
f o r  z i n c  o r t h a t i t a n a t e ,  They a re :  l i th ium h e x a f l u o r o s i l ~ c a t e  
( L i 2 S i F  j potassiuin h e x a t l u o r o s ~ l ~ c a t e  ( K 7 S x F 6 ) ;  potasslum 6 - 
hexaf luoros tannate  (K2SnF6): s i l i c o t u n g s t i c  ac id  ( H  S i  W 4 4 12'40'' 
























































































































































































































































































































and,  potassium s i i i c u t u n y s t a t e  (K 4 Si 4 W 12O40'- The r e f l e c t a n c e  
changes induced by u l t r a v i o l e t  i r r a d i a t i o n  i n  vacuum of t h e  
Zn Ti04 powders t r e a t e d  wi th  t h e s e  r e a c t a n t s  a r e  p re sen ted  i n  2  
Table  5 and F igu res  6  through 15. 
3 ,  P a i n t s  Prepared from Cont ro l  Pigments 
---- -- 
The r e s u l t s  of i r r a d i a t i o n  of potass ium s i l i c a t e  and Owens- 
I l l i n o i s  650 s i l i c o n e  p a i n t s  p repared  from s i l i c a t e d ,  phosphated 
and i r o n  cyana te - t r ea t ed  Zn2Ti04 powders a r e  p re sen ted  i n  Table  6 
and F igu res  16 through 23. 
F igu res  16  through 19 p r e s e n t  d a t a  on p a i n t s  p repared  from 
t h e  u n t r e a t e d ,  p r e c u r s o r  control-pigment ,  Batch B-229. These 
d a t a  were not. ob t a ined  i n  t h e  prev ious  s t u d i e s  (Ref.  l ) .  However, 
Batch B-422 ( F i g u r e  20) i s  s i m i l a r  t o  Batch B-247 which w a s  ir-  
r a d i a t e d  p r e v i o u s l y  and which was d i scussed  i n  Table  2  of 
Reference 1, The p r e s e n t  p r e p a r a t i o n  (B-422) s u s t a i n e d  con- 
s i d e r a b l y  g r e a t e r  damage t h a n  t h e  p a i n t  i r r a d i a t e d  i n  T e s t s  1-25 
and 11-19. On t h e  o t h e r  hand, no comparison can be made between 
t h e  damage s u s t a i n e d  by B-425 i n  t e s t  1-28 and B-252 i n  t e s t  11-17 
( s e e  Table  2, Reference 1)-  The s i l i c o n e  p a i n t s  B-427 and B-431 
were pigmented from t r e a t e d  pigment t h a t  was no t  p repared  
p rev ious ly ,  
4. Potassium S i l i c a t e  P a i n t s  
- 
Data f o r  a i r - d r i e d  and h e a t - t r e a t e d  potassium s i l i c a t e  p a i n t s  
based upon t r e a t e d  z i n c  o r t h o t i t a n a t e  pigments are p r e s e n t e d  i n  
Table  7.  Re f l ec t ance  curves  a r e  p re sen ted  f o r  t h e  a i r - d r i e d  
p a i n t s  on ly  ( ~ i g u r e s  24 through 29) .  
The PS-7 p a i n t s  prepared from s i l i c a t e d  Zn2Ti04 ( ~ a t c h e s  
9-419A and B )  e x h i b i t  u l t r a v i o l e t  damage e f f e c t s  a s  a f u n c t i o n  
of h e a t  t r e a t i n g  t h e  p a i n t  f o r  16 h r  a t  4 2 7 O C  t h a t  a r e  t h e  r e v e r s e  
-- 
of t h o s e  observed i n  t h e  prev ious  s t u d i e s  (Batches B-224A and B ,  
Table I, Reference 1) . Heat t r e a t i n g  ~mproved t h e  s t a b i l i t y  of 
t h e  s i l i c a t e  p a i n t  i n  t h e  400- t o  580-nm wavelength r e g i o n  i n  t h e  
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p r e s e n t  5 i _ ~ d t ~ ~ 3  ( S O >  the  d l g ~ i a l  refiectdnce da t a  L P ~  Table 7)- 
These resuits are more c o n s l s t a n t  wlCh our  experience w ~ t h  Z93 ' s  
behavior  as a func t san  of heat t r e a t l n g  ( ~ e f ,  21, 
The d a t a  f o r  t h e  h e a t - t r e a t e d  s i l i c a t e  p a i n t s  p repared  from 
pigment t h a t  was phosphated and t r e a t e d  wi th  potassium f e r r o / f e r r i -  
cyanide (Batches  B-421B and B-424B, r e s p e c t i v e l y )  compared 
f a v o ~ - a b l y  wi th  t h e  d a t a  r e p o r t e d  p rev ious ly  (see Batches B-246A 
and B-231A, T e s t  11-19, Table  2, Reference 12, The s p e c t r a  of 
t h e  a i r - . d r i e d  p a i n t s  are p re sen ted  i n  F igu res  25 and 26. 
P a i n t s  B-426, B-428 and B-430 w e r e  pigmented wi th  t r e a t e d  
z i n c  o r t h o t i t a n a t e  t h a t  had n o t  been prepared  p rev ious ly .  The 
s p e c t r a  of a i r - d r i e d  p a i n t s  a r e  p re sen ted  i n  F igures  27 through 
29.  
5 .  - P a i n t s  P r 9 a r e d  from 
Although p a i n t s  were prepared  from r e a c t i v e l y  encapsu la ted  
z i n c  o r t h o t i t a n a t e  t h a t  had and had not  been h e a t  t r e a t e d ,  o n l y  
t h o s e  s i l i c o n e  and s i l i c a t e  p a i n t s  p repared  from pigment t h a t  w a s  
h e a t  t r e a t e d  f o r  7 h r  a t  500°C were i r r a d i a t e d ,  These d a t a  a r e  
p re sen ted  i n  Table  8 and F igu res  30 through 37. 
6. Plasma Calcined Zn2Ti04 Powders and S i l i c o n e  P a i n t s  
Although t h e  s i g n i f i c a n c e  of t h e  s p e c i f i c  plasma c a l c i n a t i o n  
parameters  w i l l  be d i scus sed  i n  t h e  F i n a l  Tr lannua l  Report ,  t h e s e  
d a t a  a r e  p re sen ted  h e r e  i n  an a t tempt  t o  determine i f  plasma 
t r ea tmen t  i n  t h e  SRI f a c i l i t y  (Ref ,  3 )  would p reven t  t h e  anomalous 
deg rada t ion  observed when z i n c  o r t h o t i t a n a t e  i s  pigmented i n  
Owens-I l l inois  650 s i l i c o n e  r e s i n ,  which i s  o the rwi se  s t a b l e .  
These d a t a  a r e  p re sen ted  i n  Table  9 and F igu res  38 through 43, 
C ,  Discuss ion  
1, Reac t ive ly  - Encapsulated Powders 
The s ~ l i c a t r n g  of z l n c  orthotltandt e cledr  ly stabli~zes the 
s u r f a c e  a g a i n s t  format ion of t h e  broad damage specera ln t h e  
r eg ion  1000- t o  2600-nm wavelength,  However, as wsth the s i l r c a t e d  






















































































































































































































































z i n c  ox7di? arnployed ~n IITR18s S-1% ( R e f ,  45,  t h e  s t a b x l i t y  of t h e  
t h e  powder ( a s  opposed t o  a  silicate, o r  s l l l c o n e ,  p a i ~ t )  1s 
decreased  i n  t h e  400-nm wavelength r eg ion  by s l l l c a t i r . g ,  No 
exp lana t ion  i s  a v a i l a b l e  f o r  t h i s  phenomenon except  t c  n o t e  t h a t ,  
i n  t h e  c a s e  of z i n c  ox ide ,  t h e  s t a b i l i t y  of t h e  pigmerlt i n  t h i s  
r eg ion  of t h e  spectrum i s  g r e a t e r  t h a n  t h a t  of t h e  potassium 
s i l i c a t e .  
The phosphate t r ea tmen t  improved t h e  r e f l e c t a n c e  i n  t h e  u l t r a -  
v i o l e t  by e s s e n t i a l l y  removing t h e  shoulder  a t  -362-mr t h a t  h a s  
been a t t r i b u t e d  t o  unreac ted  z i n c  ox ide  (Ref.  5 ) .  The much g r e a t e r  
damage e x h i b i t e d  by t h e  phosphated powder compared t o  t h e  pre -  
v i o u s l y  s t u d i e d  powder cannot be expla ined  except  t h a t  it i s  
conce ivab le  t h a t ,  i n  t h e  p r e s e n t  ca se ,  no t  a l l  unreac ted  NaH2P04 
was removed from t h e  s u r f a c e  by washing a f t e r  phsophating.  
Treatment w i th  f e r r o ( f e r r i )  cyanide a l s o  had a  d e l e t e r i o u s  
e f f e c t  on t h e  s p e c t r a l  s t a b i l i t y  of z i n c  o r t h o t i t a n a t e  powders. 
Ca re fu l  examination of t h e  d a t a  conta ined  i n  Table  5 and 
F igu res  6 through 1 5  i n d i c a t e  t h e  fol lowing:  
a. Of t h e  new r e a c t i v e  encapsu lan ts  ( L ~ ~ S ~ F ~ ,  K2SiF6, 
K SnF6, H4Si4W12040 and K4Si4W1 2040 2  ) ,  a l l  t h r e e  
f l u o r i n a t e d  m a t e r i a l s  s u b s t a n t i a l l y  reduced t h e  i n -  
f r a r e d  damage i n  t h e  700- t o  2400-nm wavelength 
r eg ion  t h a t  i s  c h a r a c t e r i s t i c  of u n t r e a t e d  z i n c  o r tho -  
t i t a n a t e  (wi thout  subsequent h e a t  t r ea tmen t  of t h e  
r e a c t e d  powder). Of t h e s e ,  t h e  f l u o r o s t a n n a t e  t r ea tmen t  
w a s  t h e  most e f f e c t i v e  i n  p rec lud ing  i n f r a r e d  damage; 
however, t h e  f l u o r o s t a n n a t e  t r ea tmen t  had a  h igh ly  
d e l e t e r i o u s  e f f e c t  on t h e  s t a b i l i t y  of z i n c  o r tho -  
t i t a n a t e  i n  t h e  350- t o  600-nm wavelength r eg ion  and, 
i n  t h i s  r e s p e c t ,  w a s  f a r  more d e l e t e r i o u s  t han  e i t h e r  
t h e  potassium o r  acid s i l i c o t u n g s t a t e  treatments, 
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b, Treatment with potassium siiicotungstate had l i t t l e  
e f f e c t  on t h e  o p t i c a l  p r o p e r t i e s  of z i n c  o r t h o t i t a n a t e ,  
However, t he  s i l i c o t u n g s t i c  ac id  t reatment  caused severe  
i n f r a r e d  damage t o  Zn Ti04 under u l t r a v i o l e t  i r r a d i a t i o n .  2 
c ,  Heat t reatment  of a l l  f i v e  chemical ly- t reated z inc  
o r t h o t i t a n a t e  powders r e s u l t e d  i n  pigment having g r e a t e r  
s t a b i l i t y  than t h e  un t rea ted  con t ro l  (B-229) i n  t h e  
i n f r a r e d  region 700- t o  2400-nm wavelength. The l i t h i u m  
and potassium s i l i c o f l u o r i d e -  ( h e x a f l u o r o s i l i c a t e )  
t r e a t e d  pigment t h a t  was h e a t  t r e a t e d  f o r  7 h r  a t  500°C 
exhib i ted  improved s t a b i l i t y  i n  t h e  n e a r - u l t r a v i o l e t  
and v i s i b l e  wavelength regions,  a s  wel l .  
d. Although t h e  h e a t - t r e a t e d  product prepared from t h e  
potassium s i l i c o t u n g s t a t e - t r e a t e d  powder (B-547) w a s  
nea r ly  a s  s t a b l e ,  t h i s  chemical t reatment  was not 
e f f e c t i v e  i n  removing t h e  362-nm shoulder absorpt ion  
t h a t  i s  p resen t  i n  t h e  Zn2Ti04 control--an absorpt ion  
band t h a t  c o n t r i b u t e s  s i g n i f i c a n t l y  t o  t h e  s o l a r  ab- 
sorptance of coa t ings  prepared from t h i s  pigment. 
Treatment with t h e  t h r e e  f l u o r i n a t e d  s a l t s  r e s u l t e d  i n  
considerably decreased, i f  not completely e l iminated ,  
absorpt ion  a t  362-nm wavelength (B-458, Figure 9 ) ;  t h i s  
change i s  presumably due t o  t h e  e x t r a c t i o n  of unreacted 
z i n c  oxide during t h e  r e f l u x  opera t ion .  
e .  The poorer r e f l e c t a n c e  of t h e  hea t - t r ea ted  powders 
(Figures  7 and 9 )  i s  a t t r i b u t e d  p r imar i ly  t o  t h e  l e s s e r  
th ickness  of t h e  t r e a t e d  oxide when "wet sprayed. ' I  The 
h e a t  t r e a t e d ,  encapsulated powder, perhaps by v i r t u e  of 
t h e  decreased su r face  f r e e  energy, i s  more d i f f i c u l t  
t o  build-up by t h e  "wet sprayf1 method than  t h e  non- 
h e a t - t r e a t e d ,  encapsulated powders. 
l l T  R E S E A R C H  I N S T I T U T E  
69 U6002-9 4 
2 .  P a i n t s  Prepared - --- frcm ----- R e a c t i v Q - E n c z  
Examination of T a b b e  6 and F i g u r e s  16 through 19 confirm the 
r e s u l t s  ob t a ined  previously--namely that potassium s i l i c a t e  p a i n t s  
pigmented w i t h  z i n c  o r t h o t i t a n a t e  a r e ,  even i n  t h e  absence of  
r e a c t i v e  encapsu la t ion ,  q u i t e  s,taSle t o  u l t r a v i o l e t  i r r a d i a t i o n  
i n  vacuum. Also, as d i scussed  i n  a  p rev ious  s e c t i o n  of t h i s  
r e p o r t ,  h e a t  t r ea tmen t  of s i l i c a t e  p a i n t s  improves t h e i r  s t a b i l i t y .  
The s i l i c o n e  p a i n t s  p repared  from u n t r e a t e d  z i n c  o r t h o t i t a n a t e  
were less s t a b l e  i n  t h e  near  i n f r a r e d  (700-2600-nm) than  t h e  p ig-  
ment i t s e l f ,  t h u s  conf i rming t h e  e a r l i e r  s t u d i e s .  Indeed, t h e  
s i l i c o n e  p a i n t  p repared  from RTV-602 s i l i c o n e  e las tomer  was v e r y  
badly damaged i n  t h e  near  u l t r a v i o l e t  and v i s i b l e  spectrum 
(F igu re  1 9 ) ,  a l though  t h i s  c o a t i n g  d i d  no t  e x h i b i t  a  n o t i c e a b l e  
" b e l l y  damage" a t  950 -m wavelength a s  d i d  t h e  Owens-I l l inois  650- 
r e s i n  analog (F igu re  1 8 ) .  The seve re  v i s i b l e  damage i s  a t t r i b u t e d  
t o  two s y n e r g i s t i c  f a c t o r s - - t h e  employment of a near  u l t r a v i o l e t -  
s c a t t e r i n g  pigment (compared t o  ZnO) i n  a  less s t a b l e  b inde r  (com- 
pared t o  Owens-I l l inois  650 r e s i n )  --RTV-602 i s  less s t a b l e  o n l y  by 
v i r t u e  of t h e  requirement  f o r  m i n e  cu r ing .  
Owens- I l l ino is  650 r e s i n  p a i n t s  p repared  from phosphated,  
s i l i c a t e d ,  and "cyanated" pigments ( F i g u r e s  20 through 23) were 
e i t h e r  less s t a b l e ,  o r  no more s t a b l e ,  t h a n  t h e  corresponding 
c o n t r o l  pigment (B-415B, F igure  18) .  Indeed,  bo th  fo rmula t ions  
B422 ( F i g u r e  20) and B-431 (F igu re  23 ) ,  each prepared  from a  
phosphated pigment, were se r iousPy  damaged i n  t h e  700- t o  2000-nm 
reg ion  by u l t r a v i o l e t  i r r a d i a t i o n ,  Batch B-427 d i d  no t  e x h i b i t  
such s e r i o u s  damage, presumably due t o  n e u t r a l i z a t i o n  of t h e  
NaH2P04 by t h e  s i l i c a t e  a l r e a d y  p r e s e n t  on t h e  £3-233 powder 
(see F igu re  L A ) -  
It w a s  these data t h a t  prompted t h e  e x m i n a t i o n  of new 
reactive encapsulants in order to attempt the stabilization of 
z i n c  orthotitanate in sl%iesnc pa in t s ,  
* c( * * 
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The exce l l en t  stab1 I l t y  exhrbired by zinc o r t h o t i t a n a t e -  
prgmented potassium slllccite pal n r s  r s  nowhere berter r l  lusi-rated 
than  by t h e  d a t a  of Table 7 and Figures  2 4  through 29. The re -  
f l e c t a n c e  s p e c t r a  a r e  presented f o r  t h e  a i r - d r i e d  p a i n t s  only,  
s i n c e  t h e  specimens t h a t  were hea t  t r e a t e d  f o r  16 h r  a t  427OC 
were genera l ly  only a  l i t t l e  more s t a b l e ,  Addi t ional ly ,  they  do 
not  possess  t h e  u l t i m a t e  p r a c t i c a l i t y  of t h e  a i r -d ry  formulat ions,  
The b e s t  s t a b i l i t y  and lowest s o l a r  absorptance (0.12) was 
exh ib i t ed  by t h e  s i l i c a t - e  p a i n t  prepaied from phosphated pigment 
(Batch B-421, Figure 25) .  I n  t h i s  case ,  un l ike  t h e  phosphated- 
pigment i r r a d i a t e d  a s  a  powder, s i n c e  t h e  phosphate t rea tment  
preceeded pigmentation i n  t h e  s i l i c a t e  veh ic le ,  n e u t r a l i z a t i o n  
of any excess ac id  phosphate was assured by t h e  h igh ly  a l k a l i n e  
s i l i c a t e  s o l u t i o n ,  It should be noted t h a t  removal of water 
during t h e  i r r a d i a t i o n  of t h e s e  p a i n t s  accounts f o r  t h e  increased  
r e f l e c t a n c e  i n  t h e  i n f r a r e d  region with i t s  a t t endan t  con t r ibu t ion  
t o  t h e  low AaS1s observed ( s e e  Figures  24 through 29).  
P a i n t s  prepared from z inc  o r t h o t i t a n a t e  t h a t  was r e a c t i v e l y  
encapsulated with new f l u o r i n a t e d  s a l t s  and with potassium 
s i l i e o t u n g s t a t e  were genera l ly  t h e  most s t a b l e  p a i n t s  examined 
i n  t h e s e  s t u d i e s  ( s e e  Table 8 and Figures  30 through 3 7 ) .  Indeed, 
t h e ~ o t a s s i u m  s i l i c a t e  p a i n t  piqmented with potassium hexafluoro- 
- - 
s i l i c a t e - t r e a t e d  z i n c  o r t h o t i t a n a t e  possessed  both t h e  lowest 
s o l a r  absorptance (0.122) and t h e  q r e a t e s t  s t a b i l i t y  (do, = 0.002) 
The Owens-Il l inois 650 r e s i n  p a i n t s  prepared from Zn2Ti04 
pigments r e a c t i v e l y  encapsulated w i t h  Lithium h e x a f l u n r o s i l i c a t e  
and pot.assium hexafluorosilri.@ate exh ib i t ed  s t a b i l i t i e s  that were 
moderately improved over the cont:rol paint ( B - $ 1 5  1 and the s i l i c o n e  
p a i n t s  prepared from pigment that had been phosphated, or  s i m i -  
l a r l y  t r e a t e d  (compare Tables 6 and 8 ) ,  
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3 ,  Powders and P a i n t s  -- Prepared  from Plasma-T 
Although t h e  s i g n i f i c a n c e  of t h e  s u b t l e t i e s  i n  t h e  damage 
s p e c t r a  of t h e  plasma-calc ined powders (Table  9 )  w i l l  no t  be  
drawn u n t i l  t h e  d a t a  a r e  a v a i l a b l e  f o r  t h e  e n t i r e  series of plasma- 
c a l c i n e d  z i n c  o r t h o t i t a n a t e s ,  t h e  o b j e c t i v e  of t h e s e  p a r t i c u l a r  
tests w a s  t o  de te rmine  t h e  deg ree  t o  which plasma c a l c i n a t i o n  
s t a b i l i z e s  t h e  Z n  Ti04 s u r f a c e s  a g a i n s t  t h e  anomolous degrada- 2 
t i o n  i n  s i l i c o n e  p a i n t s .  Examination of t h e s e  d a t a ,  i n c l u d i n g  
F igu res  38 through 43, show t h a t  two of t h e  s i l i c o n e  p a i n t s  
e x h i b i t  improved s t a b i l i t y  t o  u l t r a v i o l e t  ( p a i n t s  p repared  from 
SRI-calc ined pigments 3-5 and 3 - 3 ) .  The r e f l e c t a n c e  d a t a  s u g g e s t s  
t h a t  s t a b i l i z a t i o n  i s  p o s s i b l e ;  t h a t  i s ,  t h e  damage s u s t a i n e d  by 
t h e  p a i n t s  was e s s e n t i a l l y  no d i f f e r e n t  t h a n  t h a t  e x h i b i t e d  by 
t h e  powder analogs .  (The poor r e f l e c t a n c e ,  i. e . ,  h i g h  s o l a r  
absorp tance ,  of t h e  Owens- I l l ino is  "65011 p a i n t s  p repa red  from 
t h e  plasma-calc ined p roduc t s  i s  a t t r i b u t e d  t o  ve ry  t h i n  c o a t i n g s  
a s  a r e s u l t  of i n s u f f i c i e n t  pigment s t a r t i n g  m a t e r i a l . )  
4. Summary 
I t  i s  becoming i n c r e a s i n g l y  obvious t h a t  r e a c t i v e  e n c a p s u l a t i o n  
and plasma c a l c i n a t i o n  bo th  s e r v e  t o  reduce t h e  s u r f a c e  s t a t e  of 
z i n c  o r t h o t i t a n a t e ,  and t h u s  may make i n c r e a s i n g l y  d i f f i c u l t  t h e  
i n j e c t i o n  of  e l e c t r o n s  i n t o  t h e  s u r f a c e  f o r  r e d u c t i o n  of T i  +4 
+3 t o  T i  . 
Both wate r  and carbon d iox ide ,  among o t h e r  s p e c i e s ,  are 
h i g h l y  adsorbed on t h e  s u r f a c e  of z i n c  o r t h o t i t a n a t e .  
I k 
- 
de believe t h a t  these species promote the association of Q2 
(and/or 0-, or o^-) OTL the s u r l a c e ,  the phuicdcsorpiion of "iiilr~irh 
i n j e c t s  an  e l e c t r o n  i n t o  t h e  s u r f a c e  where, i n  t h e  c a s e  of z i n c  
ox ide ,  it i s  a v a i l a b l e  f o r  conduct ion abso rp t ion  ( e - g , ,  broad- 
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